Banana passion fruit (Passiflora mollissima (Kunth) L.H. Bailey): microencapsulation, phytochemical composition and antioxidant capacity by García Ruiz, Rosa et al.
molecules
Article
Banana Passion Fruit (Passiflora mollissima (Kunth)
L.H. Bailey): Microencapsulation, Phytochemical
Composition and Antioxidant Capacity
Almudena García-Ruiz 1,*, Amadeo Girones-Vilaplana 2,3, Paola León 1, Diego A. Moreno 3,
Carla M. Stinco 4, Antonio J. Meléndez-Martínez 4 and Jenny Ruales 1
1 Department of Food Science and Biotechnology, Escuela Politécnica National, P.O. Box 17-012759, Quito,
Ecuador; paito_lt82@hotmail.com (P.L.); jenny.ruales@epn.edu.ec (J.R.)
2 Department of Food Technology, EPSO, University Miguel Hernández, Ctra. Beniel km. 3.2, Orihuela 03312,
Alicante, Spain; agvilaplana@gmail.com
3 Phytochemistry Laboratory, Department of Food Science and Technology, CEBAS-CSIC,
Campus de Espinardo, Espinardo, Murcia E-30100, Spain; dmoreno@cebas.csic.es
4 Food Colour & Quality Laboratory, Department of Nutrition & Food Science, Universidad de Sevilla,
Facultad de Farmacia, Sevilla 41012, Spain; cstinco@us.es (C.M.S.); ajmelendez@us.es (A.J.M.-M.)
* Correspondence: almudena.garcia@epn.edu.ec; Tel.: +34-6497-37645
Academic Editors: Celestino Santos-Buelga and Arturo San Feliciano
Received: 27 October 2016; Accepted: 27 December 2016; Published: 17 January 2017
Abstract: Passiflora mollissima (Kunth) L.H. Bailey is an exotic fruit native to South America,
known as taxo in Ecuador. This paper characterizes its flavonoid and carotenoid composition
and antioxidant capacity and evaluates the effect of the spray-drying process on its phytochemical
composition and antioxidant capacity. A total of 18 flavonoid compounds, nine proanthocyanidins
and nine flavan-3-ol monomers, were identified and quantified. Glycosides of (epi)-afzelechin
stood out as the most abundant flavonoid. Three carotenoids were identified, with β-carotene having
the highest concentration. The DPPH· and ORAC assay methods indicated a high antioxidant capacity.
Furthermore, the bioactive content showed a positive and direct correlation with antioxidant capacity.
On the other hand, the spray-drying process produced a stable phytochemical composition and
antioxidant activity of taxo. These results demonstrate the potential applicability of microencapsulated
taxo as a functional ingredient in the food industry.
Keywords: banana passion fruit; Passiflora mollissima; microencapsulation; flavonoid; carotenoid;
antioxidant capacity; proanthocyanidin
1. Introduction
Due to their appearance and attractive organoleptic characteristics, novel and interesting fruits
recognized as beneficial for human health are leading current food consumption and health-food
trends [1,2]. In the context of healthy diets and well-being, South America has a wealth of
underexploited native and exotic fruits of great interest for food technology, science and industrial
applications, with many nutritional and functional properties yet to be uncovered.
Banana passion fruit (Passiflora mollissima (Kunth) L.H. Bailey, Figure 1), also known as taxo in
Ecuador, grows in the Andes region at 1800–3600 m.a.s.l. (meters above sea level) in tropical high
forests with average temperatures ranging 13–16 ◦C [3,4]. The oval shaped fruit is yellow and about
8–15 cm long, with a thin but strong skin. The pulp is gelatinous and surrounds small black seeds [5].
Taxo is consumed mainly as juice and has an attractive taste much appreciated in the gourmet markets.
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Figure 1. The fruit of banana passion fruit (Passiflora mollissima (Kunth) L.H.Bailey). 
P. mollissima is a source of vitamins, calcium, iron, phosphorus, potassium, and fiber [6]. In addition, 
previous studies on the leaves, pericarps, peel and the edible part of the fruit revealed that taxo is rich 
in natural phenolic antioxidants [4,7,8]. Along these lines, Botero et al. [9] discovered that the antioxidant 
activity of banana passion fruit can be compared to that of ascorbic acid, the main natural antioxidant 
used in food industries. On the other hand, the health-promoting effects of taxo could be attributed 
to its polyphenols, specifically flavonoids and carotenoids, which have been strongly associated with 
antioxidant capacity [10]; additional carotenoid health-promoting activity may stem from other 
mechanisms, such as pro-oxidant activity and the modulation of cell signalling routes or membrane 
properties, among others [11–15]. 
Considering the antioxidant potential and wide range of beneficial biological effects as well as its 
organoleptic characteristic, banana passion fruit could be employed as a natural additive in the food, 
pharmaceutical and cosmetic industries. During industrial processing, external factors could affect the 
quality, stability and functional properties of the bioactive compounds of P. mollissima. Industry 
requires technologies that protect these natural components and the integrity of the organoleptic 
characteristics. Currently, microencapsulation by spray-drying is the most common technique in the 
food industry to produce high quality and stable particles, with low cost and flexibility [16]. Moreover, 
this procedure also enhances bioaccessibility and bioavailability of the functional ingredients [17]. 
Spray-drying is based on the transformation of a fluid to a solid material, atomizing it in form of tiny 
drops in a heat-drying medium. The particle size obtained is typically <100 μm in diameter. In this 
context, the main goal of this study was to investigate the phytochemical composition (flavonoids 
and carotenoids) and antioxidant capacity of taxo and, using microencapsulation, to evaluate banana 
passion fruit pulp as a source of natural additives for the food industry.  
2. Results and Discussion 
2.1. Enzymatic Hydrolysis 
The use of enzymes to obtain pulp increased pulp extraction yield from 60.65% to 75.86% and an 
increase of soluble solids of 10.5 to 13 °Brix. Since passion fruit juice is 8.52 °Brix [18], banana passion fruit 
has a sweeter pulp. The water soluble fraction increased due to the liquefaction of the cell walls. 
2.2. Characterization of Phenolic Compounds  
Complete characterization of phenolic composition requires advanced analytical techniques. 
Reversed-phase liquid chromatography (RP-LC) is the most common method for the separation and 
analysis of phenolic compounds while UV-detection and mass spectrometry are the techniques 
commonly used for identification and quantification of phenolic compounds in fruits [19,20]. HPLC-
DAD-ESI/MSn for identification (Table 1) and subsequent HPLC-DAD analysis for quantification 
(Table 2) were used to characterize the phenolic compounds present in banana passion fruit.  
Figure 1. The fruit of banana passion fruit (Passiflora mollissima (Kunth) L.H. Bailey).
P. mollissima is a source of vitamins, calcium, iron, phosphorus, potassium, and fiber [6].
In addition, previous studies on the leaves, pericarps, peel and the edible part of the fruit revealed
that taxo is rich in natural phenolic antioxidants [4,7,8]. Along these lines, Botero et al. [9] discovered
that the antioxidant activity of banana passion fruit can be compared to that of ascorbic acid, the main
natural antioxidant used in food industries. On the other hand, the health-promoting effects of taxo
could be attributed to its polyphenols, specifically flavonoids and carotenoids, which have been
strongly associated with antioxidant capacity [10]; additional carotenoid health-promoting activity
may stem from other mechanisms, such as pro-oxidant activity and the modulation of cell signalling
routes or membrane properties, among others [11–15].
Considering the antioxidant potential and wide range of beneficial biological effects as well
as its organoleptic characteristic, banana passion fruit could be employed as a natural additive in
the food, pharmaceutical and cosmetic industries. During industrial processing, external factors
could affect the quality, stability and functional properties of the bioactive compounds of
P. mollissima. Industry requires technologies that protect these natural components and the integrity
of the organoleptic characteristics. Currently, microencapsulation by spray-drying is the most
common technique in the food industry to produce high quality and stable particles, with low cost
and flexibility [16]. Moreover, this procedure also enhances bioaccessibility and bioavailability of
the functional ingredients [17]. Spray-drying is based on the transformation of a fluid to a solid
material, atomizing it in form of tiny drops in a heat-drying medium. The particle size obtained
is typically <100 µm in diameter. In this context, the main goal of this study was to investigate
the phytochemical composition (flavonoids and carotenoids) and antioxidant capacity of taxo and,
using microencapsulation, to evaluate banana passion fruit pulp as a source of natural additives for
the food industry.
2. Results and Discussion
2.1. Enzymatic Hydrolysis
The use of enzymes to obtain pulp increased pulp extraction yield from 60.65% to 75.86% and
an increase of soluble solids of 10.5 to 13 ◦Brix. Since passion fruit juice is 8.52 ◦Brix [18], banana passion
fruit has a sweeter pulp. The water soluble fraction increased due to the liquefaction of the cell walls.
2.2. Characterization of Phenolic Compounds
Com lete characterization of enolic composition requires advance analytical techniques.
Reversed-phase liquid chromatography (RP-LC) is the most common method for t e separation
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and analysis of phenolic compounds while UV-detection and mass spectrometry are the techniques
commonly used for identification and quantification of phenolic compounds in fruits [19,20].
HPLC-DAD-ESI/MSn for identification (Table 1) and subsequent HPLC-DAD analysis for quantification
(Table 2) were used to characterize the phenolic compounds present in banana passion fruit.
Table 1. Tentative identification of phenolics in banana passion fruit pulp samples by HPLC-DAD-ESI/MSn.
Peak Rt (min) [M − H]− MS/MS Fragments (m/z) Proposed Identification
1 6.7 609 441, 435, 273 (E)-Afzelechin glucoside derivative
2 7.4 593 425, 407, 289 Prodelphinidin dimer
3 8.0 897 711, 543, 407, 289 Procyanidin trimer (B-type)
4 8.6 593 425, 407, 289 Prodelphinidin dimer
5 9.4 593 425, 407, 289 Prodelphinidin dimer
6 10.4 593 425, 407, 289 Prodelphinidin dimer
7 11.3 881 711, 593, 425, 407, 289 (E)CG-(E)CG or (E)CG-(E)GC
8 13.5 593 425, 289 Prodelphinidin dimer
9 14.5 577 425, 289 Procyanidin dimer B-type (e.g., (E)C-(E)C)
10 16.5 451 289 Catechin glucoside
11 21.3 435 273 (E)-Afzelechin glucoside
12 22.5 485 449, 289 Catechin derivative (unidentified)
13 23.8 567 435, 273 (E)-Afzelechin glucoside derivative
14 27.8 435 273 (E)-Afzelechin glucoside
15 30.3 561 543, 289 Propelargonidin dimer
16 31.9 435 273 (E)-Afzelechin glucoside
17 34.8 435 273 (E)-Afzelechin glucoside
18 37.1 548 463, 273 (E)-Afzelechin glucoside derivative
Rt: retention time. E: epi; C: catechin; G: gallo/gallate.
Table 2. Flavonoid composition in freeze dried and microencapsulated banana passion fruit pulp.
Peak
Compounds Concentration (mg/100 g DW)
Proanthocyanidins Freeze Dried Microencapsulated
2 Prodelphinidin dimer <LOQ <LOQ
3 Procyanidin trimer (B-type) 46.2 a ± 3.8 14.3 b ± 3.1
4 Prodelphinidin dimer <LOQ <LOQ
5 Prodelphinidin dimer 49.1 a ± 1.1 16.9 b ± 3.6
6 Prodelphinidin dimer 23.6 ± 2.0 23.9 ± 4.9
7 (E)CG-(E)CG or (E)CG-(E)GC 32.9 a ± 2.6 22.9 b ± 0.8
8 Prodelphinidin dimer 15.2 b ± 0.7 43.4 a ± 3.3
9 Procyanidin dimer B-type (e.g., (E)C-(E)C) <LOQ 32.3 ± 1.2
15 Propelargonidin dimer 27.5 ± 4.2 15.9 ± 0.1
Σ Proanthocyanidins 194.5 ± 14.4 169.6 ± 17.0
Flavan-3-ol monomers
1 (E)-Afzelechin glucoside derivative 20.2 a ± 1.1 7.3 b ± 1.0
10 Catechin glucoside 91.1 ± 8.4 110.2 ± 1.4
11 (E)-Afzelechin glucoside 30.5 a ± 0.4 22.5 b ± 0.4
12 Catechin derivative (unidentified) 23.6 b ± 1.0 29.6 a ± 0.6
13 (E)-Afzelechin glucoside derivative 64.4 ± 2.6 66.9 ± 0.7
14 (E)-Afzelechin glucoside 25.9 ± 1.6 24.6 ± 0.0
16 (E)-Afzelechin glucoside 22.5 ± 4.8 10.7 ± 1.1
17 (E)-Afzelechin glucoside <LOQ <LOQ
18 (E)-Afzelechin glucoside derivative 6.2 ± 1.2 26.0 ± 7.7
Σ Flavan-3-ol monomers 284.4 ± 21.1 297.8 ± 22.5
Σ Flavonoids 478.9 ± 35.5 467.4 ± 39.5
LOQ: limit of quantification; a, b Mean values with different letter on the right indicate a statistically significant
difference between the two treatments (p < 0.05). E: epi; C: catechin; G: gallo/gallate.
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The retention times (Rt), deprotonated molecular ions ([M − H]−), and major fragment ions for
the characteristic peaks in the samples are summarized in Table 1. Peak identification was established
based on the data in Table 1, using commercial standards when available and previously published
data on mass spectra and fragmentations. As shown in Table 1, a total of 18 phenolic compounds were
detected, mainly proanthocyanidins (PAs) and flavan-3-ol monomers, all of them corresponding to
the flavonoid family. This family of polyphenols was also reported as the major phytoconstituents of
another Passiflora spp., specifically P. incarnata [21].
2.2.1. Proanthocyanidins
Five peaks (peaks 2, 4–6, 8) were detected at m/z 593 with different elution behavior and were
tentatively identified as prodelphinidin dimers. Furthermore, the MS/MS fragmentation ion with
m/z 425 (Table 1) indicated a Retro-Diels-Alder (RDA) fission of the heterocyclic ring, whereas the ion
at m/z 407 was a product of subsequent water elimination [22] and the ion at m/z 289 indicated an
(epi)-catechin unit. The mass spectrum of compound 3 with a [M − H]− ion at m/z 897 suggested that
this compound could be a B-type procyanidin trimer. Peak 7 presented an ion at m/z 593([M − H]−)
with the MS analysis in negative mode indicating that this peak contained mixed dimers consisting of
two (epi)-catechingallate units and/or (epi)-catechingallate–(epi)-gallocatechin. Peak 9 (Rt = 14.5)
exhibited a signal at m/z 577 suggesting that this compound was a B-type procyanidin dimer.
Finally, the mass spectrum of the compound eluting at Rt 30.3 min (Peak 15) exhibited a negative
peak at m/z at 561, which implied it was a propelargonidin dimer composed of one (epi)-catechin and
one (epi)-afzelechin unit.
2.2.2. Flavan-3-ol Monomers
Three compounds (peaks 1, 13 and 18) were identified as (epi)-afzelechin glucoside derivatives
based on their UV-Vis and mass spectra data (Table 1). All of them showed a major fragment of
ion at m/z 273 corresponding to (epi)-afzelechin. Peak 10 (Rt = 16.1) showed a [M − H]− ion at
m/z 451. The major MS/MS fragment ion with m/z 289 (−162 amu) indicated a loss of a hexose
from the catechin unit. Glucose is the most common hexose, whereas catechin is the most common
flavan-3-ol monomer in nature [23]. In addition, four peaks (11, 14, 16 and 17) displayed a [M − H]−
ion at m/z 435. Its MS/MS analysis revealed the loss of 162 amu, indicating the presence of a hexose
moiety attached to an (epi)-afzelechin unit (m/z 273). Finally, a compound at 22.5 min (compound 12)
was tentatively identified as a catechin derivative as suggested from the characteristic deprotonated
molecular ion with m/z 289.
The genus Passiflora is known to contain flavonoid C-glycosides. In particular, reports on
the phenolic profile of P. incarnata and P. edulis, the most studied species of the genus, showed that
these fruits were rich in flavonoids [4,24,25]. These compounds have been detected and identified
previously in taxo leaves and pericarp [8] and peel and juice [4]. Here, catechin and (epi)-afzelechin
were detected as glycosides, which are uncommon in nature [23]. On the other hand, the low
degree of proanthocyanidin polymerization detected in P. mollissima indicates they may have
intestinal bioavailability.
Quantitative analysis of freeze dried fresh fruit indicated that flavan-3-ol monomers were
the major constituents of the phenolic fraction (59.4%), with (epi)-afzelechin as the most abundant
flavan-3-ol monomer unit (Table 2). The glycosides of (epi)-afzelechin (compounds 1, 11 and 13–18),
169.7 mg/100 g DW, accounted for approximately 35.4% and 59.7% of the total phenolic and
flavan-3-ol monomers, respectively. Biological studies suggested that (epi)-afzelechin may have
an anti-inflammatory, anti-oxidant and bone-protective effects [26]. Catechin glycoside content
increased when encapsulated (Table 2).
With regard to PAs, (epi)-catechin was the most abundant PA subunit (Table 2). This result is
consistent with that described in the literature, which indicates that (epi)-catechin is the predominant
constituent unit in most foods containing PAs [27]. The total content of PAs (194.5 mg/100 g),
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evaluated as the sum of individual PA content, was higher than some fruits described as sources
of PAs such as apples (105–126 mg/100 g), similar to plums (216 mg/100 g), but lower than
red wine (313 mg/100 g), cocoa (1636 mg/100 g) and cinnamon (8108 mg/100 g) [27,28]. It is
important to emphasize that PAs have been linked to many health benefits including antioxidant,
anti-inflammatory, antidiabetic, antiallergic, and neuroprotective activities, and reducing the risk of
chronic diseases such as cardiovascular diseases and cancers, among others [19,28–30]. Prodelphinidin
dimers ((epi)-gallocatechin-(epi)-catechin) (compounds 2, 4–6 and 8)), were the main PAs with
87.9 mg/100 g DW. The PA fraction of banana passion fruit was mainly a mixture of procyanidins
and prodelphinidins, also found in other foods such as black currants, barley, grapes, gooseberries,
red currants, and wine [28]. Finally, it is important to mention the presence of the propelargonidin
dimer (compound 15) a PA rare in foods [28].
Concerning the profile and concentration of the phenolic fraction of microencapsulated banana
passion fruit, the results showed that spray-drying did not modify the phenolic profile of P. mollissima
(Table 2). Most flavonoid compounds in the microencapsulated taxo did not exhibit significant
differences in concentration with respect to freeze-dried banana passion fruit (Table 2). These results
reflect the high stability of these compounds in the spray-drying process. Regarding the flavonoids that
were slightly affected by the spray-drying process, the changes observed could be due to the conditions
(i.e., temperature) in which the spray-drying process was carried out. This in accordance with
the results reported by Susantikarn and Donlao [31] in green tea extracts. Moreover, the spray-drying
conditions could also cause changes in phenolic compounds not identified in the study such as
flavonols and flavones, among others.
2.3. Carotenoids
A previous study by Wondracek et al. [32] demonstrated that the carotenoid profile of passion fruit
species showed diversity. Specifically, thirteen carotenoids were detected and identified in P. edulis,
seven in P. setacea, five in P. cincinnata and two in P. nitida. β-Carotene and antheraxanthin were
the carotenoids present in the four species. According to the results presented in Table 3, the carotenoid
profile from P. mollissima was composed of three major compounds: α- and β-carotene and zeaxanthin.
This result contributes to the variability of carotenoids in the Passiflora species. From the results
reported so far, β-carotene can be considered as the common carotenoid in this genus. In addition,
to our knowledge, α-carotene is reported here for the first time as a passion fruit carotenoid.
Table 3. Carotenoid composition in freeze dried and microencapsulated banana passion fruit pulp.
Compounds
Concentration (µg/g DW)
Freeze Dried Microencapsulated
α-carotene 1.64 b ± 0.50 4.71 a ± 1.66
β-carotene 79.74 ± 30.38 69.43 ± 12.85
Zeaxanthin 1.86 ± 0.49 1.56 ± 0.36
Σ carotenoids 81.6 ± 31.37 75.7 ± 14.87
a, b Mean values with different letters on the right indicate statistically significant differences between
the two treatments (p < 0.05).
Carotenoid variability depends, among many factors, on the maturity of the fruit and
the cultivation systems used to grow it [33], as well as the exposure to light, temperature and
degree of fruit ripeness, among others [34]. β-Carotene, with 79.74 µg/g, was the main compound
of the carotenoid fraction. This concentration is higher than that reported for sweet passion
fruit (5.82 µg/g) [35], passion fruit (13.62 µg/g) [36] and other tropical fruit such as arazá
pulp (Eugenia stipitata McVaugh) (0.44 µg/g) [37]. β-Carotene is the main safe dietary source of
vitamin A, essential for normal growth and development, immune system function, and vision [38].
Moreover, β-carotene has antioxidant properties that can decrease the risk of developing chronic
degenerative diseases such as cardiovascular disease and cancer [39].
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In addition, it is important to emphasize the presence of zeaxanthin in P. mollissima (Table 3),
since there are not many good dietary sources of this carotenoid [40]. This compound together with
lutein are two of the most studied carotenoids in terms of health promoting effects because together
they comprise the yellow pigment in the macula of the human eye [41]. Furthermore, zeaxanthin has
also been associated with a reduction in cataract risk [42] and improved cognitive function in a geriatric
population [43]. The zeaxanthin content in banana passion fruit pulp (1.86 µg/g) was higher than
the amount reported by Wondracek et al. [32] in P. setacea and P. edulis (detected but not quantified)
and by Garzón et al. [37] in arazá pulp (0.17 µg/g).
Finally, the total content of carotenoid evaluated as the sum of the content of individual pigments
was 81.6 µg/g. This amount is within the range reported for several cultivars of P. edulis ranging from
15.4 to 251 µg/g [35,36] and higher than that described for other tropical fruits such as arazá pulp
(8.06 µg/g) [37], Andean naranjilla fruit pulp (Solanum quitoense Lam) (7.94 µg/g) [44] and papaya
(Carica papaya) (7.93–51.34 µg/g) [45].
Spray drying modification of P. mollissima carotenoid concentration was evaluated. As shown in
Table 3, the carotenoid content did not show significant differences between banana passion freeze
dried fresh fruit and microencapsulated pulp, except for α-carotene. The reasons why the level of
α-carotene is higher in the microencapsulated samples are unclear. In general, the carotenoid content
of banana passion fruit pulp was not affected by the spray-drying process.
2.4. Antioxidant Capacity
The phenolic and carotenoid composition of fruit is associated with its antioxidant properties
and involves more than one mechanism. Since there is no official standardized method, antioxidant
capacity should be evaluated using various methods [46]. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and
the oxygen radical absorption capacity (ORAC) have been frequently used to estimate antioxidant
capacities in fresh fruits and vegetables and their products and foods. The DPPH method is based on
the measuring the scavenging activity for DPPH radicals while ORAC assay is based on generation of
free radicals using AAPH (2,2-Azobis 2-amidopropane dihydrochloride) and measuring decreasing
fluorescence in the presence of free radical scavengers. The results of taxo pulp antioxidant capacity
are shown in Table 4. The values obtained in the DPPH and ORAC assays (50.1 and 105.2 mM
Trolox/100 g, respectively), agree with the range of values reported by other authors [10,47–49] and
are higher than the antioxidant capacity values reported for other passion fruits [10,24] and other Latin
American fruits [10,50] (Table 5). This agrees with previously reported data by Vasco et al. [51] and
Contreras-Calderon et al. [6], who have classified taxo as a tropical fruit with high antioxidant activity.
Table 4. Antioxidant capacity in freeze dried and microencapsulated banana passion fruit pulp.
Antioxidant Capacity (mmol Trolox/100 g DW)
Freeze Dried Microencapsulated
DPPH 50.12 ± 1.78 48.34 ± 1.64
ORAC 105.22 ± 3.05 103.59 ± 4.55
Table 5. Antioxidant capacity: Passiflora spp. and other Latin American fruits.
Fruit
Antioxidant Capacity (mmol Trolox/100 g DW)
DPPH ORAC
Passiflora mollissima 0.09–60.84 [46,47] 0.42–207.85 [10,46–48]
Passiflora spp. 0.20–6.20 [24] 2.15–8.67 [10]
Morinda citrifolia 3.71 [49] 15.08 [49]
Physalis peruviana 1.60–4.94 [49] 3.29–24.29 [49]
Euterpe oleracea 4.80–6.38 [49] 12.21–43.80 [10,49]
Carica papaya 4.41 [10,49] 1.39–8.71 [10,49]
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The antioxidant capacity of microencapsulated banana passion fruit and freeze dried fresh fruit
did not show significant difference (p < 0.05) (Table 4). This agrees with the absence of significant
difference in total content of flavonoids and carotenoids for both processing methods (Tables 2 and 3).
The flavonoid and carotenoid content showed a positive and direct correlation with the antioxidant
capacity (DPPH and ORAC) (Table 6), especially with ORAC (r = 1). A positive and significant
correlation has also been obtained by other authors [51,52]. In addition, it is important to emphasize
that the concentration of flavonoids was higher than carotenoids (Tables 2 and 3) which suggest that
the high antioxidant capacity observed in P. mollissima may be attributed mainly to the polyphenols,
and particularly the PAs present in major quantities in the banana passion fruit tested.
Table 6. Pearson’s correlation coefficients (r) between bioactive compounds (flavonoids and
carotenoids) banana passion fruit pulp (BPFP) and its antioxidant capacity (DPPH and ORAC).
Samples DPPH ORAC
Bioactive compounds freeze dried BPFP 0.52 1.00
Bioactive compounds microencapsulated BPFP 0.75 1.00
Significant at p < 0.05.
3. Experimental Section
3.1. Fruit Samples
Banana passion fruit was purchased at traditional markets in Quito, Ecuador. The fruit was
selected, cleaned, washed with tap water and disinfected using 100 ppm of chlorinated water.
3.2. Enzymatic Hydrolysis
In order to obtain pulp, an enzymatic hydrolysis treatment was performed. A cocktail of Rapidase
Carrots juice (200 ppm/kg banana passion fruit pulp) purchased from Interenzimas Gist-Brocades®
(Heerlen, The Netherlands) was used to hydrolyze the pulp. After the hydrolysis for two hours
at 30 ◦C, a refiner separated the pulp from the seeds. The pulp was packed and stored at −20 ◦C.
One fresh fruit fraction was freeze-dried, packed, and stored at 4 ◦C until analysis. The other fraction
was encapsulated with maltodextrins (3%) by a spray dryer in a Minor model Niro Atomizer (Soeborg,
Denmark). The process conditions were as follows: inlet temperature of 120 ◦C and outlet temperature
60–80 ◦C. A Masterflex (Cole-Palmer, Vermon Hills, IL, USA) peristaltic pump model 77201-60
transported the fluid (pulp and maltodextrins) to the spray dryer at a feed flow of 12 mL/min.
The microencapsulated sample was then packed and stored at 4 ◦C until analysis.
3.3. Standards, Chemicals and Solvents
Catechin, β-carotene and zeaxanthin standards were purchased from Sigma-Aldrich Chemie GmbH
(Steinheim, Alemania), while α-carotene was isolated from natural sources by a classical chromatographic
technique [53]. The reagents 2,2-Diphenyl-1-picrylhidracyl radical (DPPH·), 2,2-Azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS+), 2,2′-Azobis(2-methylpropionamidine)
dihydrochloride (AAPH), monobasic sodium phosphate, dibasic sodium phosphate were obtained
from Sigma-Aldrich, while 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) was
purchased from Fluka Chemika (Neu-Ulm, Switzerland). Meanwhile, formic acid, ethanol, methanol,
hexane, acetone, dichloromethane and acetonitrile were all analytical grade (Merck, Darmstadt,
Germany). Finally, the chromatographic solvents (HPLC grade-methanol, acetonitrile, ethyl acetate)
were also procured from Merck.
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3.4. Identification of Phenolic Compounds by HPLC-DAD-ESI/MSn and Quantification by RP-HPLC-DAD
The extraction and analysis of phenolic compounds were performed using the method of
Gironés-Vilaplana et al. [50]. Briefly, 0.1 g of lyophilised fruit was extracted with 1.5 mL of 70% MeOH
by sonication for 1 h, followed by overnight maceration and other sonication period (1 h). The resulting
extract was centrifuged (12,000 rpm, 5 min) and filtered through a 0.22 µm PVDF membrane (Millex-GV
syringe filter, Millipore, Bedford, MA, USA). The chromatographic analyses for identification were
carried out on a Luna C18 column (250 × 4.6 mm, 5 µm particle size; Phenomenex, Macclesfield, UK).
Water/formic acid (99:1, v/v) and acetonitrile were used as the mobile phases A and B, respectively,
with a flow rate of 1 mL/min. The linear gradient started with 8% solvent B, reaching 15% solvent B
at 25 min, 22% at 55 min, and 40% at 60 min, which was maintained to 70 min. The injection volume
was 20 µL. Identification was carried out by HPLC-DAD-ESI/MSn analyses, using an Agilent HPLC
1100 series model equipped with a photodiode array detector and a mass detector in series (Agilent
Technologies, Waldbronn, Germany). The equipment consisted of a binary pump (model G1312A),
an autosampler (model G1313A), a degasser (model G1322A), and a photodiode array detector
(model G1315B). The HPLC system was controlled by Chem-Station software (Agilent, version 08.03).
The mass detector was an ion trap spectrometer (model G2445A) equipped with an electrospray
ionization interface, and was controlled by LCMSD software (Agilent, version 4.1). The ionization
conditions were 350 ◦C and 4 kV, for capillary temperature and voltage, respectively. The nebulizer
pressure and nitrogen flow rate were 65.0 psi and 11 L/min, respectively. The full-scan mass covered
the range of m/z from 100 to 1200. Collision-induced fragmentation experiments were performed in
the ion trap using helium as the collision gas, with voltage ramping cycles from 0.3 to 2 V. The mass
spectrometry data were acquired in the negative ionization mode for flavonoids. The MSn was carried
out in the automatic mode on the more abundant fragment ion in MS (n − 1). For the quantification,
the HPLC system (Agilent 1220-Infinity LC) was equipped with a Luna C18 column (25 cm × 0.46 cm,
5 µm particle size; Phenomenex). Flavanols were quantified using catechin as a standard at 280 nm.
All the samples were extracted in triplicate and injected three times. The results were expressed as
mg/g DW.
3.5. Identification and Quantification of Carotenoid Compounds by Rapid Resolution Liquid
Chromatography (RRLC)
Banana passion fruit samples (200 mg) were mixed with 5 mL of methanol/water (60:40, v/v).
Then, the samples were vortexed and sonicated in an ultrasonic bath for 1 min. Afterward, the samples
were mixed and vortexed with 5 mL of dichloromethane, and the mixture was vortexed and
centrifuged at 18,000× g for 3 min. Dichloromethane was carefully removed and the tube dried.
Finally, the dry residue was re-dissolved in 50 µL of acetonitrile prior to their injection in the RRLC
system. All the samples were extracted in triplicate and injected three times.
The RRLC analyses were made according to Stinco et al. [54] employing an Agilent 1260 system
equipped with a diode-array detector, which was set to scan from 200 to 770 nm. The eluents were
acetonitrile (solvent A), methanol (solvent B) and ethyl acetate (solvent C). The linear gradient elution
was 0 min, 85% A + 15% B; 5 min, 60% A + 20% B + 20% C; 7 min, 60% A + 20% B + 20% C; 9 min,
85% A + 15% B; 12 min, 85% A + 15% B. A C18 Poroshell 120 column (2.7 µm, 5 cm × 4.6 mm) (Agilent,
Palo Alto, CA, USA) kept at 28 ◦C was used as stationary phase. The flow rate was 1 mL/min. Open lab
ChemStation software was used and the chromatograms were monitored at 450 nm. Identification
was made by comparison of chromatographic and UV-vis spectroscopic characteristics with those
of standards. Meanwhile, the quantification was carried out by external calibration from the areas
of the chromatographic peaks obtained by DAD detection at 450 nm. The results were expressed as
µg/g DW.
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3.6. Antioxidant Capacity
Antioxidant activity was determined by the DPPH· and ORAC methods adapted to a microscale.
The ability of banana passion fruit samples to scavenge DPPH· radicals was determined according to
the method of Mena et al. [55]. The reaction mixture consisted of adding 2 µL of the corresponding
diluted sample to the well containing 250 µL of DPPH· dissolved in methanol. The mixture was
then vortexed vigorously and left for 50 min at room temperature in a dark place. The variation in
absorbance was measured at 515 nm as the absorption difference between 50 min and 0 min of reaction.
With regard to the ORAC test, it was performed according to Ou et al. [56]. Briefly, the reaction was
carried out at 37 ◦C in 10 mM phosphate buffer (pH 7.4) and the final assay mixture (200 µL) contained
fluorescein (1 µM), 2,2′-azobis(2-methyl-propionamidine)-dihydrochloride (250 mM) and antioxidant
(Trolox (10–200 µM) or banana passion fruit samples (at different concentrations)). DPPH· and ORAC
assays were performed using 96-well micro plates (Nunc, Roskilde, Denmark) and an Infinite® M200
microplate reader (Tecan, Grödig, Austria). The results were expressed as mmol Trolox/100 g DW.
3.7. Statistical Analysis
The data were subjected to analysis of variance (ANOVA) and Pearson’s correlation coefficient,
with a 95% confidence level. The software used was Statgraphics Centurion version 16.1.18
(Statgraphics.Net, Madrid, Spain).
4. Conclusions
This complete study on the monomeric and oligomeric flavan-3-ols and carotenoid composition of
P. mollissima (taxo) demonstrates that it is a good source of these bioactive compounds. The antioxidant
capacity of taxo was high and showed a positive and direct correlation with the total flavonoid and
carotenoid content. On the other hand, the spray-drying process, in general, does not affect the content
of bioactive compounds and antioxidant capacity. This proves that the spray-drying process is a good
technology that guarantees the stability of bioactive compounds and functional properties of taxo.
Overall, the results show that microencapsulated taxo could be used as a food ingredient containing
bioactive compounds, although more in vivo research and safety evaluations should be done so that
appropriate scientifically-based statements and recommendations for dietary intake can be made.
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